This article documents the 30-year history of communication network research at Michigan State University (M.S.U.), providing a case study of the evolution and diffusion of an academic innovation. Three past and continuing issues for network scholars are identified: a lack of professional reward for developing user-friendly computer programs, unresolved methodological problems, and a need for better theoretical and conceptual frameworks. The narrative also illustrates the difficulty communication as a discipline has in impacting broader intellectual traditions. The story begins with the first doctoral dissertation (Schwartz, 1968) and the first network analysis software program in 1970 (Richards' Negopy), continuing to the last dissertation (Susskind, 1996) 
an articulation point and a bridge. 1 The communication portion of the O.N.R. project yielded two papers: Jacobson and Seashore (1951) , and Weiss and Jacobson (1955) . 
The Early Network

Richards and NEGOPY: Software to the Rescue
In the conclusion to his dissertation, Schwartz (1968, p.164) from the Office of Civil Defense project using a large matrix on one wall and another on the floor (using 174-inch graph paper, the matrices for some 300 people were about six feet square).
They worked on it every evening, week after week, two standing at the wall reading numbers from one matrix and two on the floor, writing on the other one. Curious about the project, Richards asked one evening what they were doing. "This is network analysis," one of them said. I was in the library and I thought "I bet I could make a computer do that." I figured that if two people were in the same clique, they likely talked to the same people. If I take the mean of the ID numbers of the people they have links with, the means should be similar.
People in different cliques would have different means because they talk to different people."
Richards tried this idea with dummy data, finding that if he rank-ordered the means and used the ranking to permute the rows and columns of the matrix, the non-zero entries were a bit closer to the diagonal but not close enough. Next he tried a new set of means, using the rank positions instead of the original ID numbers. He ranked the new means and made a new adjacency matrix with that ordering of rows and columns. He found after two or three more iterations that the "l"s coalesced along on the diagonal and it was quite easy to visually identify the cliques as clusters of "l"s. Richards wrote his term paper for Jacobson's class about the procedure. Research. At lunch on the drive up the coast, the conversation was about networks. Richards asserted that network analysis would be a good method for studying the diffusion of innovations because it would be possible to examine the whole network rather than just the two-step link from the original source to the opinion leader to followers; i.e., with a systems theory perspective, one could analyze the communication network of the whole system, not just the parts removed from the overall context of connections. Rogers agreed and indicated he wanted to explore where network analysis might be applied.
Richards continued work on his computer program at M.S.U. for the summers of 1971 and 1972, producing the first version of the program that he named Negopy-a contraction of "negative entropy" meaning "non-random structure." There were two main stages to the procedure that Richards applied to the Chase Manhattan data. The first stage just did the reordering of the rows and columns on the basis of the means. To see how the process was converging, it was necessary to print matrices that were so large they had to be printed in strips and then taped together on the wall. But this wasn't good enough for the Chase Manhattan data because the matrices were still too big. So Richards began developing the second part of the program that finds the cliques, liaisons, and isolates (for technical details see Rice & Richards, 1985; Richards & Rice, 1981) .
In 1975 Johnson functioned as a Cassandra for these problems within Farace's research team, but was not able to convince Farace or his fellow graduate students of their importance. Because
Johnson saw these problems as major concerns, he decided to pursue a broader conceptualization of relationships in a mass media setting with a different dissertation advisor, Erwin Bettinghaus (see Johnson, 1982 Johnson, , 1984 Johnson, , 1985 (Johnson, 1996 (Johnson, , 1997a (Reynolds & Johnson, 1982 ) that acted as a precursor to some of his later research (Johnson, 2004) .
In 1982 Johnson moved to Arizona State University where he did not have a strong organizational colleague (and the quantitatively oriented students were drawn to the interpersonal/persuasion tradition), so it became a period more of consolidation of his existing research. Work on multivariate networks (Johnson, 1987) (Hartman & Johnson, 1989 , 1990 . This $7,300,000 project 9 harkened back to the scale of projects M.S.U. led in the 1960s. While the grant was cast as a network analysis project, mostly because of Bettinghaus' vision of it, it really was more of a traditional audit of organizations focusing on innovation processes.
Network data, however, were gathered over 14 time points covering the four years M.S.U. subcontracted this project. (Ethington, Johnson, Marshall, Meyer, & Chang, 1996) as part of a larger study and Marcy Meyer (1996) received an I.C.A. Redding
Dissertation Award for her work relating the network data, in the form of weak ties, and innovation processes. Unfortunately her study was never published.
Many students on the C.I.S.R.C. research team were very disquieted by several fundamental network problems. They also observed, in the clear Darwinian view only graduate students can have, that they had to work a lot harder to realize the same publication yield as graduate students who focused on inter-personal communication, drawing on under-graduate student samples. While the C.I.S.R.C. project could have continued for another four years, the lack of career advancement of graduate students for work associated with it was a major factor in halting the project. name a few). Many of them were employed in traditional business schools and were using network analysis to study issues that were a staple in the management literature: leadership, team interaction, power, influence, and organizational change. The increasing appearance of network studies in the management literature signaled a softening of the resistance toward network analysis brought on by the growing availability of alternative software programs and a general desire for more multi-level, multi-method research in the field. In 1998 when the first study from Susskind's dissertation was published (Susskind, Miller, & Johnson, 1998) , network studies were already taking a regular place in the top management journals (cf. Ibarra, 1993 Ibarra, , 1995 Krackhardt To date, Susskind has produced two articles from his dissertation data (Susskind, 2005; Susskind et al., 1998) , both of which are complementary to the network tradition in management.
In the second, he connects turnover intentions to the flow of information across a network undergoing strong planned change (i.e., downsizing). Recently he completed a new network study examining geographically dispersed research teams (Susskind & Odum, 2004 ).
In 1998 
Implications and Conclusions
While we have intermittently looked at our small intellectual world in terms of larger themes and issues, the literature on network analysis and innovation diffusion (e.g., Rogers, 1987) suggests three general areas from which implications can be drawn of this history of network analysis at Michigan State University: (a) the problem of development and diffusion of computer software for network analysis, (b) continuing unresolved methodological issues, and (c) the need for better theoretical and conceptual frameworks.
Computer Software
In historical perspective, development of software programs for the analysis of network data has been largely the province of computer "nerds" who have not placed high priority on developing user-friendly software. Unfortunately, there has not been adequate professional Learning more than one difficult network analysis program is viewed as prohibitive.
Methodological Issues
The second, and perhaps still insurmountable, problem relates to data collection both in terms of reliability of technique and richness in the characterization of relationships. At the operational level network analysis has struggled to develop truly rich descriptions of relationships between actors.
One set of problems relates to a demand for a census of network members for traditional network analysis. This is impractical in most organizational contexts. Recently, human subjects review committees have begun to raise fundamental objections to collecting network data based on a census of respondents who are asked to report on their behavior involving others. Also, because of its focus on relationships, network analysis does not mesh well with traditional statistical analytic frames, such as analysis of variance. This is especially problematic for the discipline of communication, which at its root assumes dependence of actors.
Network analysis using self-report data has been heavily criticized, primarily on the basis of the research stream of Bernard and Killworth (1977) and their colleagues (cf. Richards, 1985) .
The field of communication does not reward fundamental methodological work in the development of instruments and tools (e.g., questionnaires) for accomplishing its work. As a result, while we have developed convenient rationales for why we use self-reports, the practice of how we do this has not improved in a quarter of a century. Who will do the methodological dirty work, especially when it does not relate to career advancement? Johnson estimates that he has spent close to 50% of his research time on network analysis during his career, and only onesixth of his refereed publications relate to it. It is likely that many have noted this "cost/benefit ratio" and rationally moved on to more rewarding endeavors (particularly graduate students contemplating their critical first placement or new faculty earning tenure). Within communication in the last decade, only Corman has shown real interest in methods problems and he is a third-generation M.S.U. person (see Corman, 1990; Corman & Bradford, 1993; Corman & Scott, 1994) . Communication network analysts have not been a very good self-organizing system. Rather, we have mostly wanted to be chiefs who typically could not generate enough interest in our work to hire specialists to tackle our less glamorous problems. Revealingly, Monge and Contractor's (2001) review contains no references to these fundamental problems, but rather focuses exclusively on ideas.
Theoretical/conceptual Issues
The third traditional problem with network analysis, which fortunately has been dramatically addressed over the last decade, is the lack of a theoretic/conceptual frame for network research. Contractor (2001, 2003) They are all derivative of other disciplines. So, even though we have spent considerable time working at a conceptual level, communication network analysts have yet to generate fundamental ideas that have captured the attention of the world outside of communication.
Notes
[1] The sociometric question was originally "only a small part" of the study (Poll, Stern, & Zipperstein, n.d.) . In Weiss' view, Jacobson and Seashore had extensive socio-metric data and a conceptual frame for thinking about it but had no idea how to analyze it. Weiss needed an algorithm. He developed one that identified members of work cliques (individuals who had frequent work-related contact, primarily with each other) and two lists of individuals with contacts among those cliques: "liaison persons" (articulation points) who had contact with members of two or more separate cliques and "contacts between groups" (bridges) who were members of a clique but also had contact with a member of one other group (Weiss, 1956 Harary expressed "little interest in the problem" (R. S. Weiss, personal communication, January 11, 2001) . Later Harary and Ian Ross published a paper on the method for identifying liaison persons (Ross & Harary, 1955) , and Ross developed a computer program for part of the process (Weiss, 1956 (Rogers & Kincaid, 1981) .
[4] Also slowing publication, Schwartz discovered a copying error (endemic to manual network analysis) that when corrected yielded an additional liaison person. All of the statistical analyses were re-run to verify that none of the original study conclusions were incorrect: none were. Another factor affecting publication was concern about using inferential statistics on what was an "empirical case study;" i.e., the network data was a census from a population rather than a random sample (Morrison & Hankel, 1969) .
Eventually Schwartz developed a rationale for using inferential statistics as a pattern detection method within a population, rather than as a test of representativeness (cf. Gold, 1969 ). This issue is very much alive today (see Monge & Contractor, 2003 Johnson to look at Tichy's overview chapter on network analysis (Tichy, 1981) . In spite of the fact M.S.U. scholars had done considerable empirical work and had a computer program of their own-and the efforts of those at business schools at this point were amazingly primitive-M.S.U. was brushed aside as an anomalous footnote in the larger path of academic progress. [9] The CISRC grant was held by Al Marcus at the AMC Cancer Research Center in Denver.
Johnson had a large sub-contract to do the network analyses. 
